C
USHING'S early views concerning the resorption of cerebrospinal fluid (CSF) were based on his observations that substances injected into the subarachnoid space passed into the dural venous sinuses, whereas substances introduced into the venous side of the system could not be found in the subarachnoid space. He concluded that the arachnoid villi provide wide channels of outlet from the subarachnoid space and function as valves. Weed 2''-'-'~ performed a series of experiments which led him to conclude that open channels of communication between CSF and blood do not normally exist, and that resorption of CSF occurs by a "simple process of membrane filtration." This observation caused Cushing to abandon his former view.
The microanatomical literature on araehnoid villi and arachnoid granulations is probably consistent with the dynamic principle of CSF resorption through filtrat!on as enunciated by Weed and Cushing. Most qthorities 13,'S describe the villi and granula-)ns as being completely invested with sinus endothelium, the villus representing a fingerlike evagination of arachnoid cells through the walls of the dural venous sinuses. There Received for publication March 7, 1968. * Supported in part by U.S. Public Health Service Grants NB-03604 and NB-06594.
t There is a continuum of size in these protrusions of arachnoid membrane through the dura in the great blood sinuses. By convention "arachnoid villus" seems to be limited to those only microscopically visible, and "arachnoid granulation" to those visible to the unaided eye. z,14 From the functional standpoint, these terms must be regarded as synonymous, and one must regret the implication in the two terms, of two distinct types of structures mediating the return of CSF to the blood. In this and the following report, the term "villus" will be used to imply granulation as well, as the differences in the materials studied were only quantitative. Furthermore, none of our animals were old enough to manifest the calcareous deposits commonly observed in older human specimens?:
persists, however, a school of thought, based on the results of experimental procedures, which maintains that open channels of communication between CSF and blood do in fact exist. 6 Jayatilaka ~ has recently provided anatomical support for the open channel view by interpreting electron micrographs of endothelium-lined profiles as representing such channels, but noted that these channels were entirely indistinguishable from blood vessels. The published illustrations of his "tubules" do indeed appear to be blood vessels or profiles of endothelium-lined crypts or folds in the surface of the granulation, and his interpretation of these profiles as channels between CSF and blood must be viewed with reservation. Andres 3 failed to find evidence of open channels although he did describe fenestrations in the endothelial investment of mammalian arachnoid villi. Additional experimental efforts have been characterized, in general, by a disregard for the paucity of anatomical evidence in favor of open communications, as well as the inevitable consequences of the experimental maneuvers should the system have been a "closed" one to begin with.
Injection into the subarachnoid space of blood and large volumes of saline at excessively high pressures could scarcely avoid creating an "open" system by rupturing the delicate arachnoid villus endothelium, resulting in the apparent "re-entry" of blood cells or other foreign substances into the circulation. Alksne and White ~-demonstrated extreme distension of the villi with thinning of the endothelium at a pressure of only 500 mm saline. Studies employing isotope-labeled erythrocytes injected into the subarachnoid space have failed to demonstrate convincingly their return to the circulation as intact cells under conditions that would not be likely to mechanically disrupt the delicate endothelial investment of the arachnoid villus.
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Recent electron microscopic evidence suggests a complete endothelial sheet investing the arachnoid villus and granulation. TM This sheet is continuous with and indistinguishable from the endothelium of the sinus. The present paper reports the normal electron microscopic morphology of the monkey arachnoid villus, and the following paper '5 contains the results of experimental procedures involving the CSF pathway. In the latter presentation, data are offered that may in part account for some of the experimental results purporting to demonstrate open channels of communication in arachnoid villi.
Materials and Methods
The material in this investigation was obtained from adult Macaque monkeys. The animals were anesthetized with sodium pentobarbital administered intravenously. A tracheostomy was performed, the chest opened widely, and the animals respired under positive pressure with a mixture of 10%CO~, 23%O~ and 67%N~. The descending aorta was clamped, the right atrium opened widely, and a cannula inserted into the left cardiac ventricle. The cannula was connected to a reservoir under air pressure maintained at 180 to 200 mm Hg. The system contained flowmeters and a manometer, permitting a continued monitoring of pressure and flow.
The tissue was fixed by cardiac perfusion with a solution of 2% glutaraldehyde--2% formaldehyde TM in a 0.1 M cacodylate buffer plus 0.01% CaCI2 at a pH of 7.2 to 7.3. Perfusion was begun at about 200 mm Hg pressure, and the rate of flow was initially 1.2 to 2 liters per min. After 1 to 2 min, the pressure was reduced gradually to a flow rate in the neighborhood of 0.5 to 1 liter per min. Perfusion was terminated after 5 min. Immediately following perfusion, the cranium was opened and the superior sagittal sinus extracted, immersed in fresh fixative, opened longitudinally, and examined under a dissecting microscope. Strips of sinus wall thought likely to contain arachnoid villi were excised, trimmed in fixative to a size that could be accommodated in 00 gelatin capsules, and transferred to 1% OsO, in cacodylate buffer (pH 7.2 to 7.3). After 1 to 2 hrs, the tissue was dehydrated in ethyl alcohol and embedded in Araldite. Thick (1/5 to
